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The pffBsent invention relates to an organic field 
ef fact element using an organic material. 

Conventional organic field effect elements using 
organic materials are described in. e.g., Published 
Unexamined Japanese Patent Application Nos. 61- 
202469. 63-14471, 63-1447^ 1-89368. 1-259563, 
and 1-259564. These elements wll be described be- 
low with reference to Rg. 1. 

A gate etectrode 2 is formed on a substrata 1 , an 
insulating film 3 is formed to cover the entire surfece 
of the gate electrode 2. As the inaulating f Rm, an ox- 
ide film or a polymer f Im such as a pdyafloxane f ttm 
is used. A source electrode 4 and a drain electrode 5 
are ftormed separately to each other on the insulating 
thin f llm 3, and a semloonductDr layer 6 consisting of 
a n-conjugated polymer Is formed to constitute a 
channel region between the source and drain electro- 
des 4, 5. 

The operative principle of the organic field effect 
element in Fig. 1 will be described below. A current 
flowing in the channel is determined by a potential 
difference between the source and the drain eledio- 
dea 4, 5 and the resistance of the channel. In thia 
case, the resistance of the channel Is determined by 
the electric resistance of the n-conJugated polymer 
when no voltage Is applied to the gate electrode Z On 
the other hand, when a voltage is applied to the gate 
eleciiode 2, carriers in the n-oonjugated polymer are 
attractsd to and accumulated in the channel, thereby 
decreasing the resistance of the channel, in this man- 
ner, the current flowing in the channel can be control- 
led by the potential of the gate electrode 2 <e.g., A 
Tsumura et al.. Synthetic Metals. Vd. 25, pp 11-23). 

Afield effect element Is required to have the fol- 
iowing characteristics. That is, a current (to be refer- 
red to as an ON current hereinafter) obtained when a 
voltage is applied to the gate electrode is large, and 
a ratio of the ON current to a current (to be referred 
to as an OFF current hereinafter) obtained when no 
voltage Is applied to the gate electrode is large. 

In a conventional organic field effect element in 
order to increase an ON current the carrier nwbDity 
in a channel must be increased, or the number of car- 
riers accumulated In the channel must be increased. 
However, when the carrier mobility in the channel is 
increased, an OFF currant Is also increased. In addi- 
tion, in order to Increase the number of carriera accu- 
mulated in the channel without an increase in voltage 
applied to the gate electrode, the number of carriers 
in a n-conjugatad polymer must be increased. How- 
ever, also in this case, an OFF current is increased. 
Therefore, in order to increase the ON current and to 
decrease the OFF current a new means is required 
at present 

The above point is Important when a f teld effM 
element ia applied to particle uae. As an example of 
an application of a field effect element an acth/e ma- 
trix-type drive drcuit In a liquid crystal display is 



known. In this liquid crystal display, a field effect ele- 
ment ta formed to each pbcel. and a drain electrode 
and the pbcel electrode are connected to each other, 
thereby controlling signal voltages applied to the pixel 
5 electrode by a gate electrode. The active matrix is bet- 
tsr than a simple matrix. That is, the active matrix haa 
a smaller lealcage signal between pbcels and higher 
vnage quality auch as contrast resolution, and pbcel 
density than thoss of the simple matrix. In a conven- 
10 tional active matrix, a field effect element having an 
biorganic semiconductor thin film, such as amor- 
phoua silicon, has been used (e.g., Kalchi Fukuda et 
ai„ The Transactions of the Institute of Electrteal Erv 
gineera of Japan, Vol. 110-A. No. 10. pp. 659-666 
16 (1 990)). Also in a field effect element used in the ac- 
tive matrix, in order to obtain a liquid crystal display 
having high quality such aa a high contrast a high re- 
solution, and a high pbcel density, an ON current must 
be incrsased, and an OFF currant muat be de- 
20 creased, i.e., an ON/OFF current ratio muat be in- 
crsaaed. In addition, in order to incraase a response 
of the liquid crystal display, the ON current muat be 
increased (Masaklyo Matsumura et al., The Transao- 
tiona of the Institute of Electrical Engineers of Japan. 
28 Vd. 110-A. Na 10. pp. 657-658 (1 990)). 

In recent years, there exists a demand for a liquid 
crystal display having a large area, and thus a glass 
or plastic substrate having a large area on which field 
effect elementa are largely Integrated has been re- 
30 quired. However. It is very difficult to form an Inorgan- 
ic semiconductor such as an amorphous silicon into 
a thin film having a large area with uniform quality. In 
addition, since the substrate must be heated to 200'C 
or more in the process of manufacturing the inorganic 
38 semiconductorthlnfllm. aplaaticsubstratscannot be 
used. Furthermore, the inorganic semiconductDr thin 
f Rm haa a drawback that it is easily cracked by shock 
or expanskM and contractton caused by heat result- 
ing in poornBliabBlly. 
40 In order to soh<e the above problems, there is pro- 
posed an acthw matrix-type liquid crystal display us- 
ing an organic field effect element having a n-conju- 
gated polymer thin film in place of an inorganic sem- 
iconductor thin film (e.g.. Published Unexamined Jap- 
46 anese Patent Application Nos, 62-85224 and 1- 
259323). Since such an organic field effect element 
has advantages as compared with a field effect ele> 
ment using an inorganic semiconductor thin film, it is 
very important to inaease an ON current to increaae 
50 an ON/OFF current ratto. However, in the convention- 
al organicf ield effect element It is dlsadvantageously 
difficult to increase an ON currant to increaae an 
ON/OFF currant ratk) as above-descrbed. 

It ie an ol^ect of the preeent Inventon to provide 
55 an organic field effect element having a large ON cur- 
rent and a large ON/OFF current ratio. 

According to the present Invention, there Is pro- 
vided an organk: field effect element comprising a 
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source electrode and a drain electrode formed sepa- 
rately to each other, a first organic layer constituting 
a channel between the source and drain electitxles, 
a second organic layer formed to be adjacent to the 
channel and having a carrter concentration different $ 
from that of the first organic layer, and a gate eleo- 
trode Itormed Id be opposita to the channel through 
the second organic layer, wherein carriers are trans- 
ferred between the second and first organic layers in 
reaponae to a voJtage applied to the gate electiode to 10 
change an electrical conductivity of the channel. 

The organic field effect element of the present In- 
vention haa a structure, for example. In which the 
gate electrode is fbrmed on the substrate, the second 
organic layer is formed to cover the entire surface of is 
the gate electrode, the source and drain electrodes 
are formed on the second organic layer with a prede- 
termined space, and the first organic layer Is fbrmed 
on the source electrode, the drain electrode, and the 
second organic layer between the source and drain 20 
eledrodea. 

This invention can be more fully understood from 
the foOowfaig detaHed description when takan in con- 
junction with the accompanying drawings. In which: 

Fig. 1 is a sectional view showing a conventional 26 
organic field effect element; 
Fig. 2A is an energy band diagram for explaining 
confinement of negath^ly charged carriers on an 
Interface between the first and second organic 
layers followbig a change in Fermi level cauaed 30 
by b^nsition of the first organic layer to a metallic 
state in the organicf ield effect element according 
to the present invention; 
Fig. 2B is an energy band diagram for explaining 
confinement of positively charged carriera on an 35 
inters between the first and second organic 
layers fbllowing a change in Fermi level caused 
by transition of the first organic layer to a metallic 
state in the organic field effect element according 
to the present invention; ^ 
Fig. 3 is a sectional view showing an organic field 
effect element according to Example 1 of the 
present Invention; 

Fig. 4 is a graph showing a relationship between 
a potential Vd of a drain electrode with respect to 4s 
a source electrode and a currant Id flowing in the 
drain electrode using a potential Vg of a gate 
electrode with respect to the source electrode aa 
a parameter; 

Fig. 5 ia a sectional view showing a liquid crystal 50 
display using the organic field effect element in 
Example 1; 

Fig. 6 ia a sectional view shovving an organic field 
effect element according to Example 3 of the 
present invention; and ^ 
Frg. 7 is a graph showing a response of a drain 
current to an irradiation of the light of a Xe flush 
lamp having a pulse width of 5 usee from the gate 



electrode side of the organic field effect element 
according to Exampte 3 of the present invention, 
under the condition where volteges of -5 V and - 
50 V are applied to the drain and gate elecbodes 
with rsapect to the source electrode, respective- 
ly. 

In the present Invention, any insulating material 
may be used as a substrate. 

In the present Invention, as materials for a first or- 
ganic layer constituting a channel and a aeoond or^ 

gsnic layer formed to be adjacent to the channel, a n- 
conjugated polymer, a oHX>nJugated polymer, and 
dsrivativea thereof are used. Examples of the n-con- 
jugated polymer are polyparaphenylene. polyacety^ 
lene, polypyrrole, pdythbphene. polyfuran. polysele- 
nophene. polyanillne, pdyazulene, pdypyrene, poly- 
fluorene. polyparephenylenevinytene, polythienyte- 
nevlnylene, polybenzofuran. polybenzothlophene, 
pdylndde, polyvlnytcarbazole, pdydibenzoforen, 
polylsctfhianaphthene, polyisonaphthothiophene. 
pdydlacethylene. polyphenylenesulflde. and pdyu 
phenyleneoxide. Examplea of the o-conjugated pdy^ 
mar are polysilane and pdygermane. 

Aa methods of forming the f iret and second or- 
ganic layere. deposition, electrochemical polymeriza- 
tion, photo-irradated eledrochemicai polymerization, 
gae-phaae polymerization, a method in which a pre- 
POlymer ia polymerized by heat or a catalyst, and a 
method in which a polymer ia dissolved in a solvent 
to be coated and dried are used. 

In the present Invention, the second organic layer 
has a carrier concentration different from that of the 
lint organic layer. e.g.. the second organic layer haa 
a carrier concentration higher than that of the first or- 
ganic layer in a dark steto or a fight irradiation state. 
The carrier concentration of the second organic layer 
becomes higher than that of the first organic teyer, for 
example, by doping a dopant As a method of doping 
the dopant In the second organic layer, the following 
methods are used, in which the layer ia exposed to a 
doping vapor in the atmospheric pressure, the layer 
is exposed to a doping vapor at a reduced pressure, 
the layer is electrochemicaHy doped in a solution corv 
taining a dopant, a dopant is brought Into contact with 
the second organic layer to be thermally difftjsed. 
and a dopant fa ion-implanted In the layer. 

When elecbona are used as carriera, examples of 
the dopant are halogens (e.g.. Ij, Cf 2. Br,. ICf . \ce^ 
IBr. and IF). Lewis acids {e.g.. PFg. AsF*. SbF^. BF,. 
BCr,, BBrj, and SOj). protonic adds, organic acids, 
or amino adds (e.g.. HF. HCf. HNO^ H2SO4. HCiO^ 
FSO3H. CfSOaH. and CF,SO,H). transition metal 
compounds (e.g.. FeCf^ FeOCf, 71Cf4. 2rCf4, 
HfCf4, NbFfc NbCfs, TaCfa, IW0F5. fAoCi^ WF,. 
WCfe, UFg. and LnCf , (Ln is a lanthanoid)). antona 
(e.g.. a-, Br. r. ceo^', BF,: PF.-.AbF^-, SbF,-, and 
aniona of various sulfonic aclda). When hdee are 
used as carriera, examplea of the dopant are cationa 
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(e.g.. H*. LT. Na*. IC. Rb*. and Cs^. aikall metals 
(e.g.. U Na, K, Rb, and Ca). a(kaiin»-earth metals 
(e.g.. Ca. Sr. and Br). 0^ XeOF4. (NOjT (SbF^, 
(NOjT (SbC^l. (NO2*) (BFO. AgC^04. HjliCf,. 
La(NO,)3.6H20. FSO2OOSO2F. Eu. acetytcholine. 
R4N^ (R is an alkyi group), R^p* (R i« an alkyl grtxip), 
ReAs* (R is an alkyl group), and RjS* (R is an alkyl 
group). Atthis time, the carrier oonoentratkMi N of the 
second organte layer prsferably satisfies a condition 
of N > 55.0008/U2, where d and a represent the thick- 
ness and pertnitivity of the second organic layer, re- 
specth^ely. This is becauae, when the carrier concen- 
tratton is too low. a current flowing In a channel may 
not be easily oontrolled by the potential of a gala eleo- 
trode. 

In the present inventton. the second organic layer 
may have a stacked structure. For example, the sec- 
ond organic layer may be fornr)ed by a stacked struc- 
ture consisting of a charge generation layer and a 
charge transport layer. In this case, when the charge 
generation layer constituting the second organic lay^ 
er is Irradiated with light carriera are generated and 
transport through the charge bansport layer, so that 
the carrier oonoentratbn of the second oiganto layer 
becomes higher than that of the first organic layer. 

Any material whteh absorbs light and efficiently 
generates carrlere may be used as a material consti- 
tuting the charge generetk>n layer. Examples of the 
materials are inorgank: photoconductore (e.g., seleni- 
um, a selenium alloy. CdS. CdSe. CdSSe. ZnO. and 
ZnS). various crystalline metallic phthalocyantne pig- 
ments (e.g.. titanylphthaiocyanine and vanadylphtha- 
locyanlne). various crystalline non-metailto phthalo- 
cyanlne pigments, azo dyes (e.g., a monoazo dye, a 
bisazo dye, a trisazo dye. and a tatrakiaazo dye), pe- 
nylene pigments (e.g.. penylene anhydride and peny^ 
lene Imlde), pdyqfdic quinon pigments (e.g., a pery- 
none pigment, an IndigoU dye, a quinacridone pig- 
ment, anthrequinone, and dibromoanthoanthrone), 
aggregate complexes (consisting of a cyanine dye. a 
xanthene dye, a pyrinlum dye. or a thtapyrinium die 
and a polycarbonate resin, a charge-bansfer complex 
(consisting of an electron-donor material such as an 
azulenium dye, a aqualinium dye, and pdy-N- 
carbazole and an electron-acceptor material such as 
trinitrofiuorenone. 

The charge generatton layer may consist of only 
a charge generating material or may consist of the 
charge generating material and a binder polymer. As 
the binder polymer, a polyvinylbutyral resin, a phe- 
noxy resin, or the like Is used. As a method of forming 
the charge generatkm layer, a coating method (e.g.. 
a spin coating method, an immerston pulling method, 
a roller coating method, a doctor tilade method, and 
a spray method), a vacuum deposition method, a 
sputtering method, a plasma CVD method using glow 
discharge, or the like is used. A proper method is se- 
lected from these methods in accordance with the 



type of a charge generating material to be used. 

Aa a material constituting the charge transport 
layer, the above n-conjugated polymer, o^oonjugated 
polymer, and derivatives thereof can be used. As a 
8 method of forming the charge transport layer consist- 
ing of these nrateriala, a depositton method, an elec- 
trochemicai poiymerizatk>n, a photo-irradiated elec- 
trochemical polymerizatfon. a gas-phase polymeriza- 
tion, a nwthod of pdymertzing a prepdymer by heat 
10 or a catalyst, a method In which a polymer is d issdved 
in an appropriate solvent to be coated and dried, or 
the like is used 

Another examples of the material constituting 
the charge transport layer are a hydrazone com- 

19 pound, a pyrazoline compound, an amadh^fj^ com* 
pound, a thlazde compound, a thiadiazole com- 
pound, a ketazlne compound, an enamine compound, 
an anisUlne compound, a sblbene compound, a bu- 
tadiene compound, a carbazde compound, and pdy- 

20 mar compounda obtained by introdudng residual 
groups thereof to t he main or sMe chains of pdymera. 

The charge transport layer consisting of these 
materials is formed as fdlowa. A binder pdymer is dis- 
sdved in an appropriate organic advent and the 

25 above charge transporting material is dissdved or 
disperaed in the organic advent to prepare a coating 
liquid. This coating lk)uid is coated by a normal coat- 
ing method and dried. Aa the coating method, a spin 
coat^g method, an intmersion pulling method, a rdl- 

30 er coating method, a doctor blade method, or a spray 
coating method is used. 

In this case, examples of the binder polymer are 
polycarbonate, pdyeater. polyester carbonate, poly- 
vinyl chloride, an acrylic resin, pdyvinyt acetate, a vi- 

35 nyi chtoride-vinyl acetate copdymer, pdyvlnyl acetal, 
a phendic resin, a styrene-acrylic copdymer. pdyar- 
ylate, an alkyd reain, or a phenoxy resin. When the 
charge transporting material can be formed into a 
film, a binder pdymer is not necessarily required. 

40 When the binder polymer is used, a mixing retk) of the 
charge transporting material to the binder pdymer is 
preferably set to be 1 part by weight : 0.3 to 2 parts 
by weight 

In the present inventbn, as a material for a gate 
48 electrode, a material which can form a Schottky Juno- 
tion or a heterojunctton with the second organto layer 
is preferably used. As the material, a metal, a conduo- 
thre oxMe, a semiconductor such as Si treated to de- 
crease its resistance, the above n-conJugated poly^ 
so mar. the o^conjugated polymer, or the derivative of 
the n-conJugated pdymer or the o-conjugated pdy- 
mer Is used. 

When the second organic layer and the gate 
electrode do not easily form the above junction, an in- 
55 sulating layw may be formed between the second or- 
gante layer and the gate electrode. If the insulating 
layer is formed when the junction is not eaally formed, 
carriers in the gate electrode are prevented from be^ 
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ing injected m the second organic layer. As a result, 
the second organic layer is depleted, and the carriem 
can t>e effectively Injected in the first organic layer. 

In the present invention, the material for the 
source and drain electrodes may bo the same or dif- 5 
ferent As the materials of the source and drain elec- 
trodes, materials which can form a Schottfcy Junction 
or a heterojunction with the second organic layer are 
preferetily used. As the material, shniiar to the gate 
electrode, a metal, a conductive oxide, a semiconduo- 10 
tor such as Si treated to decrease its resistance, the 
above n-conjugated polymer, the aH»nJugatBd pdy. 
mar. or the dertvathm of the n-conjugated polymer or 
the <>conjugatBd polymer is used. When the source 
and drain electrodes do not easRy form the above is 
junction with the second organic layer, an insulating 
layer may be formed between the source and drain 
electrodes and the second organic layer. If the Insu- 
lating layer is formed when the Junctton la not easly 
formed, short drcuit between the souice and drain 20 
electrodes through the second organic layer can be 

prevented. Nolathataspaoe between the source and 
drain electrodes can be arbitrarily set 

When an organic field effect element according 
to the present invention Is applied to a liquid crystal 25 
display, element structures other than the field effect 
element are the same as those of the general liquid 
crystal display. 

Although any insufator can be used as a sub- 
strate material, a substrate material on the side 30 
through which light passes or on which the light Is In- 
cident must be transparent within the wavelength re- 
gion of the light 

As the materials of a pbcel elecbode. an address 
line, a data line, and a counter electrode, a metal, a 35 
conductive oxide, a semiconductor such as Si treated 
to decrease its resistance, the above n-conjugated 
polymer, the a-conjugated polymer, or the derivative 
of the n-conjugatad polymer or the o-conjugated 
polymeriauaed. Apartwhich Is In contact with the liq- 40 
uld crystal must consist of an insoluble material In the 
liquid crystal. In addition, the material for the part on 
the side through which light passes or on which the 
light is incident must be transparent within the wav». 
length region of the light ^ 

As the liquid crystal, a guest-host liquid crystal 
a TN liquid crystal, or a smetic C-phase liquid crystal 
is used. 

The operative principle of an organic field effect 
element according to the present invention wOt be de- 50 
scribed below. 

When a voltage is not applied to a gate electrode 
injectfon of only a small number of carrtere is caused 
by an electric field on an Interfoce between a second 
oiganic layer and a first organic layer constituting a 55 
souroe-drein channel. At this time, if an organic field 
effect element has a second organic layer having a 
carrier concentration higher than that of the first or- 



ganic layer, the channel has a high reslslance. and a 
current ffowing in the channel is very small. 

When a voltage is applied to the gate electrode 
to repel the carriera in the second organic layer from 
the gate electrode, a large number of carriera are in- 
jected in the first oiganic layer from the second or- 
ganic layer. For this reason, the resistance of the 
channel is considerably decreased, and a current 
flowing in the channel can be increased. 

When a voltage is applied to the gate electrode 
such that the carriera in the second organic layer are 
attracted to the gate electrode, a large number of car- 
riera are Injected In the second organic layer from the 
first organic layer, in this case, since the resistance 
of the chennel becomes higher than that obtained 
when no voltage is applied to the gate electrode, a 
current ffowing In the channel can be decreased. 

The same operative principle as described above 
is obtained when the second organic layer has a 
stacked structure consisting of a charge generation 
layer and a charge transport layer and when light is 
irradiated on the second organic layer to generate 
carriers. 

In a n-conJugated polymer, a (MX)nJugated poly^ 
rr^er, or derivatives thereof, there are carriera In a 
s^te caUed polaron or bipdaron which Is a dimer of 
the polaron. The polaron has tmo separated energy 
bands. When the number of carriera Is small, a Fermi 
level is located at almost the center of the two bands, 
and the organic layer remains an insulator. When the 
number of carriera is increased in these energy 
bands, negative charges and positive charges move 
in a high-level (close to a vacuum level) polaron band 
and a low-level polaron band, and the Fermi level 
shifts Into their polaron bands respectively, and the 
organic layer is changed from an insulating or semi- 
conductor state to a metallic stato. thereby consider- 
ably decreasing the resistance of the organic layer 
(e.g.. A. J. Heeger et al.. Reviews of Modern Physics. 
Vol. 60, pp. 781-850 (1988); Avadh Saxena et al.. 
Physical Review B. Vbl. 35. pp. 3914-3928 (1 987); fA. 
A. Abkowitz et al.. Philosophical Magazine B. Vol. 61 
pp. 25-57 (1990); and Betts et al.. Solid State Com^ 
munlcatlons. Vol. 74. pp. 461-464 (1990)). Therefore, 
when these conjugated polymera are used for the first 
organic layer, and a sufficient number of carriera are 
injected from the second organic layer, the firet or- 
ganic layer becomes a metallic state. As shown in Fig 
2A (when carriera are negatively charged) and Fig. 2B 
(when carriera are positively charged), a change in 
Fermi level when the state of the first organic layer is 
changed into the meteUic steto bends the band of the 
first organic layer, and carriera are confined in the in- 
terface between the f trat and second organic layers. 
In this interfece. a metallic layer In which carriera are 
two-dimensionally spread is formed, and a current 
flowing in the channel Is grsatly increased. 

As described above. In an organic field effect ele- 
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ment according to the present invention, an ON cur- 
rent can be increaaed to increase an ON/OFF current 
ratio. 

Examples 

Examples of the present invention will be descri- 
bed below with reference to the accompanying draw- 
inga. 

Example 1 

Fig. 3 Is a sectional view showing an organic field 
effect element in Example 1. A gate electrode 12 is 
formed on a glass sutistrale 11 . and a second organic 
layer 13 is formed to cover the entire surface of the 
gate electrode 12. A source electrDde 14 and a drain 
electrode 15 are separately formed on the second or- 
ganic layer 13, and a firet organic layer 16 is formed 
to constitute a channel between the source electrode 
14 and the drain electrode 15. 

This organic field effect element was manuftio- 
tured as foDows. Polyparaphenylene used for the seo- 
ond organic layer and a prepolymer of pdyparaphe- 
nylenevinylena used for the first organic layer were 
synthesized in advance. The pdyparephenylene was 
synthesized by a method described in Takakazu Ya- 
mamoto et al., Chemistry Letters, pp. 1211-1214 
(1990) such that paradibromobenzene was con- 
densed in the presence of Mg and Ni complex cata- 
lysts. The prepolymer of the pdyparaphenyleneviny- 
lene was synthsslzed such that a sulfonium salt ob- 
tained by 8 reaction between dialicylesuif ide and par- 
axylylene dihalide was polymerized using a basic cat- 
alysL 

This prepolymer wS be converted into potypara- 
phenylenevinylene by a thermal polymertzing meth- 
od described by D. D. C. Bradley. Journal of Physics 
D: Applied Physics, vol. 20, pp. 1389-1410 (1987). 

An Al layer prospectively serving as the gate 
electrode 12 was formed on the glass substrate 11 by 
vacuum deposition, and then the polyparaphenylene 
was placed in a tantalum boat and heated at 240"C 
under 1(H Pa to be deposited, thereby forming the 
second organic layer 1 3 having a thickness of 200 nm 
on the gate electrode 1Z A metal mask was fixed on 
the second organic layer 13. and Ni was vacuum-de- 
posited, thereby forming the source electrode 14 and 
thedrain electrode 15. The space between the source 
electrode 1 4 and the drain electrode 1 5 was set to be 
100 pm. The resultant structure was exposed to an io- 
dine vapor using the souice electrode 14 and the 
drain electrode 15 as masks to dope I2 serving as a 
dopant in the second organic layer 1 3. As a result, the 
carrier concentration in the second organic layer 13 
became 1 x 1 0"/cm». After a solution of the prepoly- 
mer of polyparaphenylenevinylene waa cast on the 
source electrode 14. the drain electrode 15. and the 



second organic layer 13 by a spinner, the solution 
was dried in an Ar atmosphere and heated at 300"C 
under 104 Pa to be polymerized, thereby forming the 
firet organic layer 16 consisting of a polyparapheny- 

5 lenevinylene f Im having a thickness of 2 

In this organic field effect element a relationsh^ 
between a potential Vd of the drain eteetrode with re- 
spect to the source electrode and a current id flowing 
in the drain electrode is shown in Fig. 4 using a po- 

10 tential Vg of the gata electrode with respect to the 
source electrode asa parameter. As is apparent ftom 
Fig. 4, it is found that the current Id is controlled by 
the potential Vg. A preferable organic field effect ele- 
ment having a large ON current and a very large ratto 

18 of the ON current to an OFF current was obtained. 

Example 2 



20 



Fig. 5 le a secttonal view showing a liquid crystal 
display using an organte field effect element having 
the same arrangement as that of the organic f iekl ef- 
fect element In Example 1. Agate electrode 12formed 
on a glass substrate 11 is connected to an addreee 
line 21. A source electrode 14 and a drain electrode 
25 15 formed on the gate electrode 12 through a second 
organic layer 13 are connected to a data line 22 and 
a pixel electrode 23 consisting of ITO. respecth^ety. A 
first organic layer 16 is formed on the source dec- 
trode 14 and the drain electrode 15, and an inauiating 
30 layer 24 consisting of polyimlde is formed on the first 
organic layer 16 by deposition to protect the entire 
surface of the organic f iekj effect element A counter 
electrode 26 consisting of ITO and an insulating layer 
27 are formed on a glass substrate 25 opposite to the 
38 glsss substrate 11. The glass substretea 11 and 25 
are caused to oppose each other by a normal method 
to form a lk|uU crystal cell, and a Ikiuld crystal 28 is 
sealed between both the subsb^tes. A rubbing proo- 
ess la performed to the inauiating layera 24 and 27 
40 consisting of polyimlde. 

The response of this liquid crystal display was ex- 
amined as follows. Whfle potentials of OV and -6 V 
were kept applied to the data line (source electrode) 
and the counter electrode, respectively, a potential of 
45 -30 V was applied to the address line, and then a po- 
tential of 0 V was applied thereto. The Ik^uid crystal 
was rapidly turned on in response to the potential of 
-30 V without any delay, and this ON state was kept 
On the other hand, whie potentials of -12 V and -6 V 
50 were kept applied to the data line (source electrode) 
and the counter electrode, respecthfely, a potential of 
-30 V was applied to the address line, and then a po- 
tential of 0 V was applied thereto. The liquid crystal 
was rapidly turned off In response to the potential of 
55 -30 V without any delay, and this state was kept 

In Example 2, carriere are positwely charged. In 
this case, when the potential of the gate electrode 
(address line) is set to be lower than the potential of 
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either the source electrode (data line) or the drain 
electrode (pixel electrode), which has a higher poten- 
tial, the carriers flow from one (the sutatantial source 
electrode) of the source and drain electrodes which 
has a higher potently, to the other (the substantial 
drain electiode) of the source and drain electiodea. 
which has a tower potential. The ON and OFF states 

are controlled by an electric field formed by the chai9> 
as. 

On the other hand, assume that the cvrlers are 
negathfely charged. When the potential of the gate 
elsctrode (address line) Is set to be higher than the 
potential of either the source electrode (data line) or 
the drain electrode (pixel electrode), which has a low- 
er potential, the carriers flow from one (the substan- 
tial source electrode) of the source and drain electro- 
des which has s lower potential to the other (the sub- 
stantial drain electrode) of the source and drain elec- 
trodes which has a higher potential. The ON and OFF 
states are controlled by an electric field formed by the 
charges. 

When these conditions are satisfied, the poten- 
tials of the address lino, the data line, and the counter 
electrode can be arbttrarily set 

Examples 

Rg. 6 is a sectioned view showing an organic field 
effect element according to Example 3. A gate elec- 
trode 12 Is formed on a glass substrata 11. a charge 
generation layer 17 is formed to cover the entire sur- 
face of the gate electrode 12. and a charge transport 
layer 18 is formed on the charge generation layer 17. 
The charge generation layer 1 7 and the charge trans- 
port layer 18 constitute a second organic layer 13. A 
source elecbode 14 and a drain electrode IS are sap- 
arately formed on the second organic layer 13, and a 
first organic layer 16 Is formed to oonstttute a channel 
between the source and drain electrodes 14, IS. 

Thia organic field effect element was manufac- 
tured as foDows. A polyslane derlvath^ used for the 
charge tranaport layer was synthesized in advance. 
The polysilane derivative was synthesized in accor- 
dance with a method described by J. Devzux et al.. 
European Polymer Journal, Vd. 25. No. 3. pp. 263^ 
266 (1989). That is. Na was mixed in toluene and re- 
fluxed, and phenylmethyldlchlorosllane serving as a 
monomer was introduced in the toluene to be poly- 
merized. After the reaction was finished, the Na was 
treated with ethand. solid products (polysilane hav- 
ing a phenyl group and a methyl group as substltutent 
groups) was reooversd. washsd with deionized wster. 
and dried. 

An Al film which was so thin that the fHm was 
transparent was vacuum-deposited on the glass sub- 
strate 11, thereby forming the gate electrode 12, An 
X-type non-metallic phthalocyanlne was dispersed in 
a trichloroethane solution containing 2 wt% of a phe- 



noxy resin (a weight ratio of the phthalocyanlne to the 
resin is 1 : 1). and the resultant solution was coatod 
by a spinner and dried, thereby forming the charge 
generation layer 17 having a thickness of 200 ran. A 

5 solution obtained by dissohring the above polysilane 
derivathre in toluene was coated on the charge gen- 
eration layer and then dried, thereby forming the 
charge transport layer 18 having a thickness of 5 jim. 
A metal mask was fixed on the second organic layer 

10 13 consisting of the charge generation layer 1 7 and 
the charge transport layer 18, and Au was deposited 
on the resultant structure by electron beam deposk 
tion. thsreby forming the source electrode 14 and the 
drain electrode 15. The space between the source 

15 electrode 14 and the drain dectrode 15 was set to be 
50 ^m. 

(Bui^N'Cf 04~ (Bu is a butyl group) aerving aa an 
elediDlytB and pyrrde serving as a monomer were 
added to a solution mixture of 99 vol% of wdl-refined 
20 acetonKrle and 1 vd% of distined water to have con- 
centrations of 0.1 md% and 0.05 md%. respecth^dy. 
The souree and drain dectrodes and a Pt plate were 
used as working dectrodes and a counter dectrode. 
respectlvdy. and a potentid of 3.5 V was applied 
28 such that the working electrodes had a positive po- 
tentid with respect to the counter dectrode. In this 
manner, the above materids were electrochemicdiy 
pdymerized at a constant current having a current 
density of 0.2 mA/cm^ for 10 minutes to stack a poly> 
30 pyrrde layer having a thickness of 200 nm. thereby 
forming the first organic layer 16. In thia atate, how^ 
ever, since the pdypyrrole layer was set In a metdlic 
state doped with Of O^ ions, the working dectrodes 
were kept ate potentid of-2 Vforan hour with respect 
35 to the counter dectrode so as to set a current flowing 
In the working electrodes at 0 A The resultant struc- 
ture was exposed to an ammonia vapor to undope 
ions. In addKlon, the resultant structure was left un- 
der a vacuum of 10^ Pa at ISO'C for about 3 houre. 
40 When the organic f idd effect dement is irradiat- 
ed with light carriers are generated in the charge 
generation layer constituting the second organic lay- 
er, and the carriers are injected In the charge trana- 
port layer constituting the second organic layer. At a 
45 time when the carriere are injected in the first organic 
layer across the charge transport layer, a current be- 
gins to flow in the channel. A time intervd from when 
the dement is irradiated with light to when the current 
flows in the channd is determined by the carrier mo- 
50 baity and thickness of the charge transport layer. The 
magnitude of the current depends on the Intensity of 
the light and the generation eff Idency of the carriere 
of the charge generation layer. There is a merit that 
these vduee can be set to be desirable vdues. In ad- 
55 ditlon, as the characteristic feature of the organic 
f idd effect element, for example, send current sig- 
nds are generated in reaponse to. pardlelly transfer- 
red light signals. 
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Fig. 7 shows the response of a drain current 
when the elenient is irradiated with the light of a Xe 
flush lamp having a pulse width of 5 ^sec from the 
gate electrode side under the condition where voltag- 
es of -5 V and -50 V are applied to the drain and gate s 
electrodes with respect to the source elediode, ra- 
spectivaly. As is apparent from Fig. 7. this element la 
an excellent element having a large ratio of a current 
(ON current) In an light irradiation state to a current 
(OFF current in a non-trradiation state. io 

In addition, when the organic field effect element 
is applied to a liquid crystal display, the ON and OFF 
states of the liquid crystal display can t>e controlled by 
light Irradiation. 



Claims 



IS 



1. An organic field effect eienmnt comprising: 

a source electrode (14) and a drain eleo- 20 
troda (15) ftormed separately to each other 

a first organic layer (16) constituting a 
channel kMtween said source and drain electro- 
des (14. 15); 

a second organic layer (13) formed to be 28 
adjacent to said channel and having a carrier con- 
centration different from that of said first organic 
layer (16); and 

a gate electrode (12) formed to be oppo- 
site to said channel through said second organic 30 
layer (13). 

wherein carriers are transferred between 
said second and first organic layera (13. 16) in re- 
sponse to a voltage applied to said gate electrode 
(12) to change an electrical conductivity of said 35 
channel. 

2. The element according to daim 1. characterized 
in that the carrier concentrstion of said second 
organic layer is higher than that of said first or- 40 
ganic layer in one of a dark state and a light irra- 
diated state. 

3. The element according to daim 1, characterized 

In that materials of said first organic layer consti- 4a 
tuting said channel and said second organic layer 
formed to be adjacent to said channel are select- 
ed from the group consisting of a Il-conjugated 
polynw. a o-conjugated polymer, and derivatives 
thereof. ^ 

4. The element according to daim 3. characterized 
in that said second organic layer contains a do- 
pant selected from the group consisting of a ha- 
logen, a Lewis add, a protonic add, an organic 59 
acid, amino add, a transition metal compound, 
and an anion. 



5. The element according to daim 3, characterized 
in that sakJ second organic layer contains a do- 
pant selected fh>m the group consisting of a ca- 
tion, an alkali metal, an alkaline earth metal, O2, 
XeOF4. (NOil (SbF.l. (NO^O (SbCf.l, (NO,*) 
(BF4"), AgCf04, HalrCfe. I^(N03)36H20. FSO. 
2OOSO2F, Eu, acetylchoiine, R4N* (R Is an atkyt 
group), RJ>^ (R is an alkyi group). R«As* (R is an 
aikyl group), and RsS^ (R is an alkyi group). 

6. The element according to daim 1 , charaderized 
in that a carrier concentration N in said second 
organic layer satisfies a oonditton of N > 55.000 
e/d2 where d b a thicknesa and s la a permittivity 
of said second organic layer. 

7. The element according to dakn 3. characterized 
in that the n-oonjugated polymer is selected from 
the group consisting of pdyparaphenylene, pdy- 
acefylene, pdypyrrde, polythlophene, polyfuran, 
polysalenophene, polyaniline. pdyazulene. poly- 
pyrene. pdyfluorene, polyparaphenyleneviny- 
lene. pdythienytenevinytene. pdybenzofUran. 
polybenzothiophene, pdyindde. pdyvlnylcarba- 
zde, pdydibenzoftjran, pdyisothianaphthene. 
polyisonaphthothtophene. pdydlacethytene. 
polyphenyleneaulf kle. and polyphenyleneoxide. 

8. The element according to daim 3, characterized 
In that the o-oonjugated pdymer is selected from 
the group consisting of pdysiiane and pdyger- 
mane. 

9. The element according to daim 1 . characterized 
In that said second organk: layer has a stacked 
structure consisting of a charge generation layer 
and a charge transport layer, and the carrier con- 
centratton of saM second organic layer is higher 
than that of said first organic layer when light is 
Irradiated on saM charge generation layer. 

10. The element according to daim 9, characterized 
in that said charge generation layer contains a 
material selected f^ the group consisting of an 
inorganic photoconductor, metaOic phthatocya- 
nine, non-metallic phthalocyanine, an azo dye, a 
penyiene pigment, a pdycydk: quinon pigment, 
an aggregate complex, and a charge transfer 
complex. 

11. The element according to daim 9, characterized 
In that said charge transport layer contains a ma- 
terial selected from the group consisting of a Il- 
conjugated pdymer, a o^oonjugated pdymer, and 
derivatives thereof. 

12. The element according to daim 9, characterized 
in that sakJ charge transport layer contains a ma- 
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terial selected from the group consistbiQ of a hy- 
drazone compound, a pyrazdine compound, an 
oxadiazole compound, a thiazole compound, a 
thiadiazole compound, a ketazina compound, an 
enamine compound, an aniaidtne compound, a a 
8titt>eno compound, a butadiene compound, a 
carbazola compound, and polymer compounds 
obtained by Introducing residual groups thereof 
to the main or side chains of polymers, 

10 

13. The element according to claim 1, characterized 
In that a material of said gate electrode is select- 
ed from materials which can form a Schotlfcy Junc- 
tion era hetmjunctlon with said second oiganlc 
layer. is 

14 Theelementaccofdingtoclalm13,charactarlzed 
in thata material of said gate electrode Is select* 
ed from a metal, a conducth/e oxide, a semicon- 
ductor, a n-conjugated polymer, a o^conjugated 20 
polymer, and derivatives of the n-oonjugated and 
the o^oonjugated polymers. 

1 & The element according to daim 1 . characterized 
In that an insulating layer is formed between said 25 
second organic layer and said gate electrode. 

1& The element according to daim 1, characterized 
in that materials of said source and drain electro- 
des are selected from materials which can form 30 
8 Schottky junction or a heterojunction with aaid 
second organic layer. 

17. The element according to daim 16, characterized 

in that matertala of said source and drain electro- 35 
des are selected firom a metal, a conductive ox- 
ide, a semiconductor, a n-conjugated polymer, a 
o-conjugated pdymer, and derivatives of the n- 
conjugated and the o-conjugated polymers. 

40 

18. The element according to daim 1. characterized 
In that an insulating layer is formed between said 
second organic layer and said source and drain 
electrodea. 

45 

19. The liquid crystal display comprising two sub- 
strates arranged to be opposite to each other, a 
pbcel electrode and a drive element formed on an 
inner surfiace of one substrate, a counter elec- 
trode formed on an inner surface of the other so 
substrata, and a liquid crystal seated between 

said substrates, 

wherein said drive element indudes 

a source electrode and a drain electrode 
formed separately to each other, 55 

a first organic layer constituting a channel 
between said source and drain electrodes; 

a second organic layer formed to be adja- 



cent to said channel and having a carrier concen- 
tration different firom that of aaid first organic lay- 
er; and 

a gate electrode formed to be opposite to 
said channel through said second organic layer. 

such that carriers are transferred between 
said second and first organic layers In response 
to a voltage applied to said gate electrode to 
change an electrical conductivity of said channel. 
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